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A PORTABLE VACUUM HAMMER SEISMIC SOURCE FOR
USE IN TUNNEL ENVIRONMENTS

By
R. D. Carroll and J. E. Magner
ABSTRACT

Concern for the measurement of seismic refraction velocities in
tunnel areas where cables, construction features, and other
sensitive structures render the use of dynamite sources unwise,
resulted in the design of a vacuum-driven impact system utilizing
a 43-kg (94-1b) weight in a 2-m (6.5-ft) tube. The system is
portable, quickly assembled and disassembled, and requires only
standard electrical power, an air pressure supply, and a
laboratory vacuum pump to operate. The maximum weight of any
component is 84 kg (185 1lb), the remaining components being
significantly lighter.

Tests in volcanic rock tunnels in Rainier Mesa at the Nevada Test
Site indicate maximum energy generated by the system is in the SV
wave. When the system was employed at angles other than
vertical, a polarized SH mode was also observed. The hammer was
used to obtain velocities in an in-hole survey in a 138-m
horizontal hole drilled behind the flat face of the Red Hot
chamber after the Red Hot nuclear detonation. A large decrease
was observed in compressional velocity compared with pre-event
values. Because 20 years have elapsed since the explosion, one
cannot separate the effect of ground shock on lowering the
velocity from possible effects of destressing around adjacent
underground openings over this period.

INTRODUCTION

Hammer impact sources are routinely used in shallow seismic
refraction and reflection investigations. Although impact
sources are inherently unable to generate large compressional-
wave energy, they have the advantages, where applicable, of ease
of use, rapid source generation, and elimination of the need for
drill holes and associated logistics when compared with dynamite
sources. In the tunnel environment of Rainier Mesa at the Nevada
Test Site (NTS), locations exist where the use of dynamite in
seismic investigations is of concern because of restricted
working spaces and proximity of construction features and cables.
The need for additional safety precautions when using dynamite
sources, such as complete power outage in the vicinity of the
seismic lines, is also expensive and time consuming. Sledge
hammers are inadequate energy sources for propagation over the
200-m array lengths routinely involved in refraction surveys in
these tunnels. Although pressure-driven hammers are commercially
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available, they lack portability
gasoline engines to provide ener
prohibited underground from a sa
overhead clearance at some under
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Figure A12.--Details of chamber assembly.
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